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THE INFLUENGE QU BASIC PARAMETERS TN THi WORKING
PAOCESS OF 448 TUNBINE COMSUSTION CHAMBERS

Ne No Kurochkin

In deailgning combustion ehambere for gas turbine plants the parameters
are either assumed or are determined by caleulation dependsnt upon
preaccepted parameters. All these parameters are closely interrelated
10 that the value of each parameter affects the values of the others,

Knowledee of' tha character o! this effect 15 essentlal ln the
designing of combustion ehambera.

The present article deals wlth sn inveatigailen of the effect of
basle parameters on the workinz process of a combustien chomber in the
design stage. The inveatig.tion relates to the specliic structural diugram
of a combustion chamber (Figure 1) which is used extensively in stationary und
transportation gas turbine plants,

The basic parameters which iaflusnce the working process in a combustion
chamber are’: ep, t‘v’ hg, tpt.’ and q (qk is the heat stress of the
combustion chamber in Cal/cu m/hr.) /For explunation of parameters rererredc_*r>,
see table at en_d_7. In the investigation the values asslgned to the basic
parameters were variad singly, i.e., all but one remaining numerically
constant,

The influence of ap was investigated with ap varying between 3,0 and
1.5, Since all other basic parameters and particularly Oy tv, tg,")k, (7k
belng the efficlency factor of the combustion chamber) ramain constant,
both fuel consumption and the total coefficient of excess air are also
constant, With fuel consumption constant and with the sume heat stress,
the dimensions of the flame tube also remaln unchanged at all values.

The variation of ap-h indicates redistribution of the air entering the
combustion chamber in the priMkay and cooling current®, The quantity of this
redisbribution with ap varying between 3.0 and 1.5 is shown in the
following table (with a, at approximately 6.2).
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Fraotion Fractien
of Total of Total
Value of Ruantdty Guantity
Coeffielant of Alr of Alr
of Primary Entering in Entering in
Alp Primary Current Looline Current
3.0 0.50 0.50
2,% 0,40 0.20 /5io/
2.0 0,30 0.70 — T
1.5 0,25 0.7%

As ap decreases the average temperature of the flame rises |
conalderably due te the fact that the heal generated by the fuel,
remaining constant, hecemen suited te the reduced quantity of primary
air, As ap decreases from 3.0 to 1.5 this tempersture rises neurly
1,5 times, as shown by curve 1 in I'lgure 2,
Although the cdiameter o the flame tube and the expenditure of
fuel maintain thelr respective values, as a result of the reduction in
the quantity of gases when oper:ting with & lower & the %ﬁaéﬁ.dr the
products ol combnustion in the flame tube is decrvased. But since the

rise in the temperature tf accompanien the decreuse in a , the decrease

P
intépéédiéoes not proceed in direct proportion wibﬁ the reduction of ap.
For example, when ap is reduced 2 times, the Qﬁeéﬂxié lowered 1.5 tines.
In connection with the rising flame temperature thers occurs an
inerease in the amount of heat transferred from the {lame to the walls
of the flame tube. In the transition of ap from 3.0 bc.l.S, the amount
of heat thus transferred increases nearly five times (with the walls of
the flame tube at constant temperature), The percentage of heat absorbed
by the walls of the flame tube frem the heat of the fuel at apif}fo is
approximately 2, while at ay = 1.5, the percentage increases to approximately
9.5, ,
Although the amount of cooled sir incresses with a lowering 8ps the
heating of this air increases rupidly due to the greater increase in the
; amount of heat transferred from the walls of the flame tube. If at ap = 3
the heating temperature of the cooling sir increases over its initial value

(ty & 3009¢) by only 109¢, at ap = 1.5 the temperature rise will amount to 60°C.

-2 -
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The walls of the flame tube, avsorbing heat frem the flame, pass
it en by eonveeiion to the gealing air, and by radiation te the walle
of the housing. Frem the walls ef the housing, radiatien heat is drawn
of f by the coolling air by eonvection,

aheerving the
The investigatien conducted permit ted fe&&pw&ng variations in the
. quantd ties of convection and radiation heat frem the walls of the flema
tube)wihh varying ap,undev conditions of a continuously congtant flame=
tube wall temperature.

A8 ap deoreases, the amount of heat taken by convection by the
cooling air from the flam- tube decreases ratlher sharply while radiatien
heat varies very little, 'ith a, varying from 3.0 to 1.5, the amount of
convection heat increages 8,5 timeg,

guch an increase in this heat brings about an even sharper rise in
the \éia'a‘,qu‘ the cooling air in the’y;é\-rg 'spzjtce between flame tnube and
Jacket, which (rise) is necessary to carry off the inereased smount of
convection heat from the walls of the .H.nne Lube heat.

The character of the increase in speuA of cooling alr (Gov) with
the lowering &p is ay follows. With 8p decreasing within the prescribed
1imits, und with constunt flame tube temperature Coy 18 increased 8 times.
Accordingly, the hydraulic resistance in bheﬂ;iqg\space setween housing
and flame tube increases 6l times and the combustion chamber, as & whole,
will show a much greaé?i;ss in pressure.

Tt must therefore be concluded that the combustion chamber will
heve to operate with high coefficlents of evcess primary alr since, under
that condition, the lower average temperature of the flame and the lesser
quantity of heat trunslerred to the flame tube permit lower cooling air
rates and, consequeﬁtly, lowar pressure losses dur ing combustion chamber
oparation.

As &y decreases, the increasing apeyq oi cooling alr brings about a
more intensive takewoff of the heat from the jacket walls, in connection
with whieh the temperature of these walls will be loweg,the less the value

of ap 18 sulted to the combustion chamber!'s opsration at the time
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The variation in jacket wall temperature with varying eeefficient
of excess primary air is sueh that with ap increasing within the
prescribed limits, the temperature rises from 380%C to 5L0°C (with
initial cooling air temperature at 3009C).

Coneequently, calculation of the corbustion chamber lor operation

at large a, with the advantage of & lesser pressure logs, lmposes somewhat

P
on the temperature condition}’}!overning the service life of the housing
metal, which muat also be studled when chooslng the metal for that part
of the ecombustion chamber,

The reduction in the temperature of the Jacket with ay deoreasing
increnses the temperature drop Letween the flame tube and the housing,
which must serve to explain the slicht increase in the amount of heat
trsnsferred by radiation from the flame tube to the jJacket,

Increase in cooling air rate with lewering ap brings about a conszideruble
decrease in the d;gnmtar of the combmgtion chamber jacket, whersupon the
width of the(;Qéﬁkgguce batween jacket and flame tuse decreases since
flame tube diameter renalns constant. Jith ap decreasing within the
preseribed limits the width of this space decreases almost 6 times (under
conditions of thig investigation from lZO%m to QO;m).

The influence of t, was examined with t, varying from 200°C to 500°C.

An increase in this temperature decresses the heat required in
resching the same gas temperature, causing at the same time a rather
sharp drop in fuel consumpiion, With t, rising from 200°C to 500°C, fuel
consumption is eut by more than two times.

As a result of such a sharp drop in fuel consumption, the air/fuel
ratio and, accordingly, the total coefficient of excess air increase, the
latter varying from 5 (at ty = 2009C) to 12 (at ty » £00°C),

Variation in initial air temperature with d. constunt brings aboubt,

P
in connection with the change in fuel consumption, a redistribution of
air in the primary and cooling (sir) flowss As the alr temperature increases

the flow of primary air is reduced and the flow of cooling uir increases.
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Since the quantity of heat carried by the alr inte the fire spaee
inereases as the initial alr temperature rimes, wiih & constant. coeffielent
of A the averuge temperature of the flame also risee. The {lame
tenperature rises L.1L times as t, changes from 200°C to 500°C. The
variaulon in average flame temperature is influenced tec a conslderably
greater extent by the coefficlent of excess primary air then by the
initdal ailr temperature, Since lower [uel gonsumption, all other condi-
tions beins equal, is related to a higher initial air temperature, in
conneation will tha lewer fuel consumption the requisite dimensions for
the vleg sp -L( e,y 419 volume Vgp, the diameter and length of the flame
Lubq) will be i;%g, renulting in a reduction in the size of the combustion
chamber.,

The dimensions of the fundamental parts of the combustion chumber
are reduced ag the initial air temperature is increased from 2009C., “ith
the air temperature at 500°¢, the volume of the fire space constitutes
only LO¥, the diameter of the combustion chumber Jacket about 60 percent,
and the diameter and length of the flume tube about 75 percent of those
dimensions which these parts of Lhe combustion chamber normally possess
st an air bemperatnre of 200°C,

The speqd\of the products of combustion in the flame tube varies in
direct proportion to changes in the quantity of fuel veing burned, and in
inverse proportion to chenges in {lame-tube cross section. Since, with
variation of ty, the quantity of fuel being burned and the diameter of
the flame tube vary in like directions (é:iy, both quantities decrease &as
ty decreases), it is apnarent that the variation of ty has almost no effect
on the value of the spe?q of the products of combustion, Cpg! which remains
practically constant at all values of ty.

The quantity of heat absorbed from the flame by the flame tube remains
practically unchanged at all alr temperature values, for although the
aversge flame temperature increases 4s t, increases, the surface of the

£lame tube is abt the same time reduced.

p
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8inee fuel eonsumption is sharply reduced when the alr temperature
is raised,';;:n the quantity ef heat abgorbed by the flime tube)Faeecr
sigened relative to the heat of the fuel ua@d;'a appears to inerease
consideranly. For example, in the transition frem an inltulal air tewpera-
ture of 200°C to ty w 500°C, the percentage of fuel heat transferred from
the flame te the surface of the [lare tube inereases from 3 percent to
7 pereent.,

A higher temperature of the Jacket walls is 1in accord with a higher
temperature of the air as 1L entera the comhustion chamber,

TthMrmewaﬁmthmjmmmtlew(ﬂmedee
temparature congtant) will be the amount of radlation heat from the
flame tube to the walls of the jacket; and, accordingly, the greater will
be the amount of convection hzat from flame tube to cooling air. Since,
however, wilh an increase in initiol air temperature, fuel consumption is
reduced similtaneously with the radiation heat from the flame tube, the
quantity of radiation heat from the [lame tube relative to the heat of the
expended fuel appears to remain almost constant over the entire range of
initdul air temperatures (200°C to 500°C), constituting about 1 percent of
the heat of the fuel being expended -- this a3 a result of the accumulating
nurerical relationships between the initial air temperature, fuel consump-
tion and flome tube radiation heat,

As a result of the 1hove-mentioned constancy the amount of convection
heat given off by the flame tube to the cooling alr, likewis; relative to
the heat of the fuel}varies under the different initial air temperatures
similarly to the varilation of the total quantity of heat absorbed by the
flame tube.

The value for heating of the cooling alr with respect to charnges in its
initisl tempersture varies very little (within the range of 3090 to 20°C),
deereasing as the inktial temperature rises, Such a chunge is explained
by the fact that the flow of heat going through the flame tube to the

cooling air snd remaining almost conatant at all values of by is entirely

-6-
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insignifieant with respeslt te the quantity of ¢ooling alr passing lhrough,
which quantity, moreovey inereases 48 the initial temperaturs rises. i

It is then obvious that an inarease in initlal air temperature is |
alweys aceampanisd by the fellewings a decrease in temperature <ifference
between flame tube and coaling alr (<ith flame tube temperature constant)
the hest entput surface of the flame tube 18 reduced since, by redueing fuel
gongumption (with eonstant heat stress), the requislte dimenslons of the
flame tube are reduced; the ameunt of hant passad by the {lame tube to the
goaling aivr by way of convection 18 somewaat lnereasaed,

ALl this makes Lt necessary to intengily convectlon heat entput from

tha flame tube bto the conling air which end is attalned by inereasing

conalderably the 3%&;2\ oi coollng alr in Lh;&'hgpme between flume tuba
and Jacket, BExamination of the increase in the spegqi- sL‘ cooling air along
wlth a rlse in initlal aip temparuiare reveals chat the btranasition of inltial
alr temperature from 200°C to 500°C involves the nacesslty of increasing the
V:'zé;;d- of cooling alr almost 8 tines ln order to hold the temperature of the
flams tube wells at a constant value, It may thus be concluded that with
high initlal temperaturas ty, operation of the combustion chamber will
proceed with conslder.ole pressure losses, due to the necessity of maintaining
high cooling~air spaeg {at»es. Tn order to avoid any considerable losses in
pressura 1t will obviously be necessary, at high b, to operate with the
highest posaible flame-tube temperatures.

The influence of tg wus Llnvestigated with tg varying from 6000C to 500°C,

The higher bthe temperature of the gases, the greater will be the
consumption of fuel. Ag & result of greater fuel consumption the botnl
coafficient of excess alr a, will decrease, the amount of primary/w‘.ll)
{nereage, and the amount of coollng air will decrease.

As tg varies from 600°C to 900%¢ fuel consumption increases somewhat
more than two times and the tou'zl coefficient of excess alr decreases by
the game amount.

In connectisn with the inereasing fuel consumption, as tg rises, the
necassary volume of fire space increases, Aﬁcgrdingly, there is also an

inereass in the diameter, length and heab=absorbing surface of the {lame

\;gﬂ hin
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insignlfieant #ith respact to the quantity of gooling alr passing through,
whieh quantity, moreover ineraagsas 48 the 1nitial temperaturs rises.,

1t 1s then oovious that an inersase ln {nltial air temperaturs is
alwoys accompanied by the follewings a desrease in temperature difference
between [lame tube and cooling air (witn flame tube tempersture constant)j
the heat output surface of tha flame tube 1g redused since, by roduaing fuel
eonsumption (with constant heat gtress), the requisite dimenalons of the
flame tube are reduced; the amount of hant passad oy the flame tube to the
cooling air by way of convection 18 gomawiub ineraased.

ALl this makes Lb nacessary to intansify eonvection heat ontput from
the flame tube to the coclln? air which end is abLaLned by lncreasing

LK Y n\\\mlnr

considerably the speé* oi cooling ulr ln the by~ space petween flume tube
and Jacket, ixamination of the lncrease in thevép;9¢ of cooling air along
with a rise in initlal uip temparainre poveals that the transition of inltial
alp temperaturs from 200°C to 500°C involves the necessity of {ncreasing the
vséae& of cooliny alr almost 8 times in order to hold the temperature of the

flame tube walls at a constsnt value, It may thus be concluded that with
high initial temperaturass by, operation of the combustion chamber will
proceed with conslderlole pressure losses, due to the necessity of maintaining
high cooling-air %;égk {atas. Tn order to aveid any considerable losses in
pressure it will obviously be necessary, at high Yy to operate with the
highest possible flame-tube temperatures.

The influence of tg wus investigated with tg varying from 6009C to 900°C.

The higher the temperature of the gases, the greater will be the
consumption of fuel, As & result of greater #uel consumption the botal
coefficient of excess ailr a, will decreage, the amount of primary/will
{nereage, and the amount of cooling alr will decrease.

As by varies from 600°C to 900°¢ fuel consumption increases somewhat
mope than Lwo timas and the total coefficient of excess alr Jdecreased by
the same amouitb

1n connaction with the increasing fuel consumption, as tg risas, the

necessary volume of fire space increases. Accordingly, there is alsgo an

inerease in the diusmeter, length and heat=absorbing surface of the flame
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tube, As t.g changes from A00°C to 900°C, the surface of the flame tube
inareases 1.6 times, '

Since, in the given case, the ccefficient of excess primary air is a
constant quantity, the averuge flame temperature ip also remains substantially
the sume at all values of tg. A3 the gas temperature rises the [lame=tube
surface lnoreases vesulting in the absorption of a larger quantity of haat
from the flame by the flame tube, As tg varies from 60000 to 9000C this
quantity inereases 1.7 timsa. The heat quantitles Qp,t and Qitpt. are ineregased
by the same quantlby.

Howaver, since the quantily of fuel belng congumad ,48 gas Lemperdture 4
x'.tL;msJ increases more rapidly than the guantity of heat absorbad from the
flame by the fl.me tube, this heat quantity, expressed iln percent of Uhe heat
from the luel, is reduced as tg increases. 'The heat absorbed by the flame
tube lie: within the limlts of L percent to 3.5 percent o! fuel heat., &ince
the temperatu-e of the combustlon-chamber jacket remaina pracbicails' the
same at all values of tg, under the conditlons of a cunstani llume-tube
temperature, the amount of heat transferred by radiation from the flame
tube to the jackeb expressed in percent of [fuel heat, remains unchanged,
equal/"in this case to about 1 percent, As a result of this constancy,
the amount of convectlon heat directly given off by the flame tube to the
cooling ailr wiuries, and the variation, expressed in percent of fuel heat
i35 entirely similar to the heat voriation th' The variation in gas
temperature tg affects the value of the cooling air's final temperature.
During an increase in gas temperature in connection with a considerable
decrease in the amount of cooling air, and a simultaneous rise in the
amount of heat transferred from the flame through the flume tube to the
cooling alr, the cooling=-ailr temperature increases., If at tg » A00°C, the
final temperature of the cooling alr exceeds its initial temperature at
the entrance to the combusti,n chamber by 15°C, at by = 900°¢C the final

cooling air temperature will exceed the initisl temperature by 55°C.
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'Vnriation of the gas temperature has practieally no effect on the
2é;éﬂ);£ the cooling uslr in thg‘:&;;z,spac@ batwean {lame tube and jacket,
or on the jacket's temperature. Both quantities remain practleally eonstant
at all values of tg.

A change in the temperature tg shows an effect on the speed of the
products of combustion in thq flame tube. Sinee, as ty mlses, fuel
consumption increéggg{gL%éégf{lproportiopally, than does the crogs=
sectinnal area of the flama tube, the %%éé;fék the produets of eombustion
Cpg also shows an lncrease,

The effect of 't‘pt wag investigated with tpy varying from A000C to 100096,

With constant conditions of alr consumption, initial alr temperature, and
gas temperature, a change in the temperature of the [lamo tube hag ne
effect on fuel consumption, total coefficient of excess air, or air
distribubi@n;g% primary und cooling flows, whiech remain the same at all
values of tpt.

With fuel consumption unchanged the requisite five space and,
consequently, the flume tube dimensions also remain unchanged, & chunge
in the temperature of the [lume tube affects the anount of heat absorbed
by the flame tube from the flame. As the flame-tube temperature rlues,
due to the lessening difference in temperature between flame and tube the
amount of heat transferred is rednced,

Examinatlon of this reduction shows that the amount of heat qpb
expressed in percent of the heat from the fuel consumed and averaging
lis5 to 3 percent, drops about 1.5 times as tpt varies from 600°C to 1000°C,

The amount of heating of the cooling air in the ring space between
flame tube and jacket varies in the sé%e relationship. If, with flame tube
temperature at 600°C the final temperature of the cooling air, tovy exceeds
by 30°C its initial temperature (b, = 300°C), at a flame tube temperature
of 1000°C, the rise above intial air temperature is reduced to 20°¢.

In the total quantity of heat brought into the fire spuce with the
fuel and air, the heat absorbed by the flame tube hasn't a value sufficiently

outstanding to pernit judgment of' the percentage quantity of this heat, For
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this reason variation in the heat absorbed by the flame tube does net
show an effect on the average flame temperiture, whieh remiing practieally
invariant, )

Tn additien, the temperature t shows no effect on thev;’w)@f the

Pt
products of combustien in cpg in the flame tube, whieh Qvem&ina
practically constant at all valusg of tpt. The reason for this eonstancy
is that the values for fuel conaumption and flame=tube diameter do not change,

A rise in flame-tube temperature, lnereasing the flame tuve's radiatien
Properties, causes an increase in the amount, of haat transferred by radiation
from the flame tuhe to the combustion chamber Jaeket, As the lame-tube
temperature rises from 600°C to 10009¢, the amount of heat Orpt increases
approximately | times,

As a result of such a great increase in the amount of heat transferred
to the Jacket, the jacket's temperature undergoes a considerable inerease,
This temperature viries from 340°C to- 700°¢C, Consequen‘tly, combustion chamber
operdtion at high [lame-tybe temperatures means high jacket lemperatures alse,

A lowering of the heat quantity th wlth an ineresse in the temperature
tpt and a simltaneons ineresse of Oppt brings sbout a “lgnificant reduction
in the smount of heat given of!" by the fLame tube directly to the cooling air
by convection, \s flame-tube temperature rises from 6009 to 1000°¢, the
amount of convection heat Qkpt is reduced approximately 3 times,

So great a reduction in the convection~heat quantity Qkpt: with a
simultaneous widening of the temperature intepval between flame tube and
cooling uir, conditicns a sharp reduction in thea;‘:%:\’qs%ace between £ amew
tube and jacket, Ag {1l ame=tube temperature changes from 600°¢ to 1o00°¢,
this rate is reduced 4.5 timeg,

In connection with such g sharp cooling=air pate reduction, with coolinge
air volume remaining almost const.nt at all values of ‘L‘pt’ there appears
the necessity for a 194';.391:1%3;13410(4 Cross section rasulting in an enlarged
Jacket diameter, g tp‘t varies from 6000C to 1000°¢, the enlargement faciop
is approximately 1.l
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The influonce of gy wag investigated with G varylng from 10-1@6
gal/en n/hr to 800108 cal/eu w/hr.

A change in the dimenaiens of the combustion chamber is direetly
related to a change in the heat=streas quantity. As heat stress inoreages
there 1s a directly propertioned decrease in the requisite fire=-space
volume, and consaquently a reductien in the length and diameter of the
flame Lube, diameter of the Jacket snd surface of the {lame Lube and
jacket, which are part of the heat-exchange pattern. A five-fold increace
in heat stress involves an approximate LS percent reductien in flome tube
diameter and a A5 percent reduction in [lame-tube surface.

At all heat-stress values, the totsl coefficient of excess oir, uir
distributien in primary und cooling air flows, and fuel consumption remaln
the same when the air and gas parameters Gy, %y, tg, ap are invariant,

With an increase in heat stress as a result of u reduction in [lame=-
tube surface, and with fuel econsumption censtant, the amount of heat
transferred from £lame Lo flame Lube decreases,

In the transition of a from 1002.06 to 50-'.106 cal/cu m/hr, the amount
of heat ubsorbed by the flame tube Lfrom the {lume is reduced approximalely
2.5 times., Although this reduction is in ftself significant, since the
amount of heat given off from flame to llame tube, by comparison with {fuel
heat, is quite small (in the glven case, it v.ries from 7 percent to
2.6 percent), the averape temperature of bthe flame remalns practically
the same at all heat-stress values. wWith a (ive-fola increase the flame
temperature rises about 50°C,

gkows t
A sharper drop in heat th’with Q, increasing)npyeaeqfln the degree

of heating of the cooling air in Lheniiéi;%bace between flame tube and
Jacket. '

In secordance wilh Lhe decrease in th, with q inereasing, the amount
of heat transferred by radiation from flame tube to Jacket, Qrpt’ and the

amonnt of heat transferred by convection from the flame tube directly to

the cooling air, Qkpt’ decreases.

=1l - .
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A decrease in Q P is the cause of a small but discernible reduction
in jacket tempevature as heat stress inereases. If, at Qe w 10'30 gal/eu m/hr
the jaeket temperature exceeds initdal air temperature oy 165°¢G, at
g e 00100 cal/eu m/hr, the differenca will be apjroximalely 125%c,

A change in heat gtress has practically ne effect on the variation in
averuge eoollng-air%}{n the r&:;\ ;;ace between flane tube and jacket,
which v(;p;(\)y {noresses very litlle as heat strees rises. The five=iold
increpae in heat stresa causes no more than a 20 percent rise in cooling=alr

vs:sg‘td’/ This small variation of Coy Al varieus values of' q is explalned by
the oppesite and, at the same time, practlically uniform effects of the

conveetion heat flow from one square meter of flame-tube aurface, und the

temper: ture difrerence between flonie tube and cooling uir.

A reduction of flame-tube diameter with an incresse in heat stress !

veloc 1y I

1s the cause of a considerable increase of the spe«.;d or the combugblon !
products in the flime tnbe, ‘Jith a Pive-fold inerease ln heat stress, this

AVEN ’Q(I
~peol inereaﬂ;es almost 3 times.

\amn\

\ 4
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Pable of Parameters

Opy = consumption of primary air in kg/sec

a, - ccefficlent of excean primary air !

oy = conaumption of ceollng alr In kip/sec

Lpb = avarage Plame=tube lemperature in ¢

L = average Jacket temperature in °C

tp = average Flame temperatuve in O

Cov = nverugavgggéé’gf eooling alr Ln ring spaca between [lame tube and
Jockeb tn m/sec ,

Cop -'i;l;;'ég the producta of combustion Ln the flane tube at ty in m/sec

toy = temperature of tha coollns air at the ond of the viny opace belween
flame tube and jneket in °C

temperature of exitt pases from combustion chambor Ln o

-]
1

0 Lohal coell'lelant of' excess uir

o ]
[}

v total alr consumption through combustion chamber in kit/sec

ty = Lempera bure of alr at entranc. Lo combuslion chamber in °C
Pl - pressute of alr al entrance to combustion chamber in als

'nel consumplion Ln kg/hr

Gy
dy = dlometer of Jackot

diy, = diometer of [lame tube

pu
lpb = length of flume tube
Vop = volume of' fire space
Qkpt - heat (conveclion) glven off by Flame tube
Orpb - heat (radiation) glven of I by [lume bube

Quy = heal ubsorbed by flamo tube from (lame

-END-
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